SUMMARY The hearts of 291 babies with congenital heart disease who died before the age of one were examined systematically by sequential segmental analysis to determine the lesions that were present. There was an abnormal connection between the cardiac segments in one third of cases. Patient ductus arteriosus, which is usually a common defect, was not an important finding at necropsy, whereas common arterial trunk (a rare defect) was found in 10%. The clinical and necropsy incidence of complete transposition was similar to that reported in earlier studies. The incidence of some lesions present at necropsy (for example Fallot's tetralogy) has altered over the past 10 years. A decline in the frequency with which a lesion is detected at necropsy may indicate advances in treatment or differences in classification. The presence of additional lesions influences the prognosis and subcategorisation within the major defect groupings gave some insight into the cause of death in many of the cases.
In the West congenital heart disease is the most common cardiac condition of childhood. It may affect as many as 2% of livebirths'2 and many babies with congenital heart disease die within the first few weeks of life. More die, with or without surgical intervention, before the end of their first year.
More specific classification of these cardiac lesions depends on a systematic approach to the diagnosis of congenital heart malformations, such as that proposed by Van Praagh. 3 With some modifications4 we have used this approach to analyse a large series of necropsy cases aged one year and younger collected over the past ten years at this hospital.
Patients and methods
We studied 291 hearts from patients who died within the first year of life. These hearts comprised 72% of the 403 Accepted for publication 10 September 1985 The specimens were divided into two age groups-those aged < 4 weeks and those aged from 4 weeks to one year.
We systematically examined each heart by a sequential segmental approach4 and noted any abnormal connections or arrangements of the cardiac segments. We then ascribed a primary diagnosis to each heart. Hearts which showed an absent left atrioventricular connection, with a main chamber of right ventricular morphology (classical mitral atresia) and hearts with an imperforate mitral valve were grouped with specimens having aortic atresia. This was so that our series could be compared with clinical series in which these conditions were combined. In hearts with multiple lesions the primary lesion was the one regarded as being of greatest morphological importance. In some cases these primary lesions were further categorised by subgroup.
The incidence of each lesion in both age groups was calculated as a percentage. This necropsy incidence was compared with the clinical incidence at the Brompton Hospital,5 and both these sets of data were then compared with data from other centres.67 (Table 3) . Data on surgical experience are also included. The most frequent condition found at necropsy in the first month of life was common arterial trunk. Fifteen (9-9%) of the 151 hearts Hegerty, Anderson, Ho had this lesion (Table 3) . Of the 15, five cases had the additional lesion of interruption of the aortic arch and a further two cases had other arch anomalies. Another two cases showed truncal valve incompetence. Total correction had been attempted in one case with interruption and in two other cases. This lesion also showed an appreciable incidence in the older group, accounting for 5-7% of hearts from those aged between one month and one year. Of the eight cases, three had truncal valve stenosis and one of these also had major accessory systemicpulmonary collateral arteries. Another case had partial anomalous pulmonary venous connection and a fifth had arch hypoplasia. Four cases had undergone complete repair, after which one case developed atrioventricular heart block. A palliative operation had been performed on one heart in each age group; in the younger case the heart had additional interruption of the aortic arch and the older case had severe truncal valve stenosis.
Results
In the younger age group the incidence of mitral and aortic atresia or both (9 9%) was considerable. There were 11 cases of mitral atresia; five had additional aortic stenosis and isthmal hypoplasia, and five had aortic atresia. Aortic atresia alone was seen in four cases all of which had mitral valve stenosis. Isolated aortic atresia was not seen in the older group and there were only five cases of mitral atresia-two with additional pulmonary atresia, one with double outlet right ventricle, and two with hypoplasia of the aortic arch. Three cases from each age group had had palliation.
Hearts with a univentricular atrioventricular con- The incidence of hypoplasia of the aortic arch in the younger group (9 3%) resembled that of univentricular atrioventricular connection. There were 14 cases in total, eight of which had associated ventricular septal defects. Discrete coarctation occurred in four cases, coarctation with tubular hypoplasia in two, and tubular hypoplasia alone in eight cases. Six of the cases had aortic outflow tract obstruction (Fig. la) and a further two cases had a bicuspid aortic valve. The incidence of arch hypoplasia was also high (7-1%) in the older age group. Six of the 10 hearts had discrete coarctation. Of these, two had left ventricular outflow tract obstruction, one had a bicuspid aortic valve, one a persistent left superior caval vein, and one had endocardial fibroelastosis. The remaining four hearts with tubular hypoplasia all had outflow tract obstruction and a ventricular septal defect.
Thirteen cases (8 6%) of interrupted aortic arch were to be seen in the younger age group. All but one case also had a ventricular septal defect. Eight cases had some obstruction to the subaortic outflow tract ( Fig. lb) and seven hearts had undergone total correction of the malformation. In contrast, arch interruption occurred only twice (1-4%) in the 140 cases aged between one month and one year. One case had a subaortic ventricular septal defect and double outlet left ventricle and the other had an aortopulmonary window. In both cases surgical correction had been attempted. The incidence of pulmonary atresia with intact septum and anomalous pulmonary venous connection was 7% in both age groups. Four of the eleven younger cases of pulmonary atresia with intact septum had Ebstein's malformation of the tricuspid valve. Three of the eleven had dilated, thinwalled right ventricles (Fig. 2a) , while the remaining eight had small ventricular cavities resulting from gross trabecular hypertrophy or ventricular hypoplasia ( Fig. 2b ) Of the 10 cases in the older group, two had dysplastic and incompetent tricuspid valves and eight had right ventricular cavities which were obliterated by trabecular hypertrophy. All had been treated by palliative procedures. There were eleven cases of anomalous pulmonary venous connection in the group less than one month old. Five cases had an infradiaphragmatic anomalous connection. In contrast, none of the 10 cases aged between one month and one year showed an infradiaphragmatic connection.
Complete transposition was also important in the younger and older age groups, with an incidence of 7-3% and 10-0% respectively. Three of the eleven postnatal cases had associated coarctation or isthmal hypoplasia. In all, palliative surgery was performed on nine cases and total correction had been attempted on twelve.
The incidence of atrioventricular septal defect was fairly low (3%) in the younger age group. It was the most important of all the lesions in the older group (15%), however. Twenty two of the 26 cases had associated major complicating lesions-severe right ventricular dominance in three (Fig. 3) (1), VA discordance and RVOTO (2) performed mainly on the older group; 13 of the 21 had severe right ventricular subaortic outflow tract having had attempted total correction.
obstruction and underwent attempted correction. A Double outlet right ventricle was found in 4% of further two cases had surgical correction and palthe younger group and 8-6% of the older group. liation was performed on another two. Three of the six younger hearts also had arch hypoFallot's tetralogy was not an important finding in plasia; only one had been repaired. The remaining the younger group. There were six cases in the age three cases had had palliative procedures. Of the group one month to one year. Two of these had twelve cases in the older group, six had sub-additional malformations of the aortic arch. Another pulmonary ventricular septal defects. Of these three had a narrow pulmonary trunk and double outlet 586 Hegerty, Anderson right ventricle, a fourth had a bicuspid pulmonary valve, and severe right ventricular outflow tract obstruction was seen in a fifth. Total correction was attempted in five cases, while the case with a narrow pulmonary trunk had a palliative procedure.
Pulmonary atresia with ventricular septal defect was seldom seen in the younger group. Only two of a total of 151 hearts from those aged <4 weeks had this lesion compared with five of the 140 older cases. Both of the younger cases showed a ductal pulmonary blood supply while at least one of the older cases was known to have had major systemicpulmonary collateral arteries.
The frequency of isolated ventricular septal defect was similar in both groups although it was not a dominant lesion in either. Of the 14 hearts with this defect five had had repair of the defect and five had had palliative procedures. In four of the seven younger cases there was mild arch hypoplasia and another two had left ventricular outflow obstruction caused by malalignment of the ventricular septum. Left ventricular outflow tract obstruction was seen in two of the seven older cases and right ventricular outflow tract obstruction in a further two.
The remainder of the 291 hearts had miscellaneous lesions such as malformations of the valve leaflets, coronary artery anomalies, cardiomyopathy, and so on. Hegerty, Anderson, Ho Discussion Necropsy cases in this study came mainly from one centre in the United Kingdom specialising in thoracic medicine. As such, it is a highly selected group of cases and it would be wrong to assume that the incidence of lesions seen here can be extrapolated to that in the population as a whole. In addition, not all the patients who die in our centre come to necropsy. It is thus impossible to calculate mortality figures from clinical and necropsy incidence data. A better estimate of this can be obtained from studies such as that recently reported by Samanek et al,8 in which all the stillbirths and children dying in a specified area of Czechoslovakia underwent necropsy. We can, none the less, compare our series with the Czech investigation and with those from centres similar to our own and from these data infer a trend of lesion incidence and prognosis.
Studies based on clinical experience have estimated that between a third and two thirds of children with congenital heart disease who die do so within the first year of life.'9'0 Recent studies have shown that nearly as many died within the initial four weeks of life as did in the subsequent 48 weeks." Our investigation has shown similar results: about a third of our hearts were from patients aged under a month at death, a third were under a year, and the remainder were from children aged over a year. Although we cannot say categorically that the heart defect was the cause of death it was considered the main contributing factor in all cases. Analysis of the results shows that there are two critical periods for the child born with a congenital heart defect. The first is undoubtedly the first month of life, during which time the arterial duct normally becomes occluded. Patients with defects which are duct dependent present with clinical symptoms and die at this time. Defects such as double outlet right ventricle and atrioventricular septal defect, however, do not present until the pulmonary vascular resistance falls at the end of the first month.
Some interesting points emerge from a comparison between necropsy data and the clinical incidence at our centre (Table 4) . Firstly, persistent patency of the arterial duct (which is found in 10-11% in children born with congenital heart disease' 12) had a clinical incidence of 6% and a necropsy incidence of < 1 %. The results resemble those found at other centres (Table 5 ). They could be taken to indicate that an anatomically patent duct is not a particularly lethal lesion. Or alternatively, current management of this condition may be very successful. Secondly, "isolated" ventricular septal defect, the most common lesion to present clinically Pulmonary atresia with intact septum (with an incidence of > 15%) and in the Czech necropsy series (an incidence of 22%8) was found in only 5% of our necropsy cases. Moreover, the incidence was 5% in both age groups, whereas more than 80% of the clinical cases do not present until the pulmonary vascular resistance falls. This probably reflects the current policy of treating infants at local cardiac centres, with only serious cases being referred to national centres. The referral of serious cases to our hospital could account for the higher frequency of this lesion in the younger group and for the increased incidence at necropsy when compared with the New England study (Table 6 ). Thirdly, common arterial trunk, double outlet right ventricle, total anomalous pulmonary venous connection, and pulmonary atresia with intact septum-all of which have a clinical incidence of less than 5%-were more commonly seen at necropsy. Fourthly, arch malformations, complete transposition, and univentricular atrioventricular connection (which have a low natural incidence) are the most frequently referred complex congenital heart malformations and are also dominant in the necropsy material. The fact that they remain dominant despite surgical intervention in more than half of the older patients under one year is disturbing. Fifthly, the clinical incidence of aortic stenosis and pulmonary stenosis is low and these conditions are not found at necropsy. Finally, we found that one third of our cases either had a major abnormality in the arrangement of the major cardiac segments34 or abnormal connections at at least one of the junctions.
Congenital heart malformations 589 Analysis of our data by age group (Table 2) pro-trophy of the ventricular wall with almost total oblitduces different results. Atrioventricular septal eration of the apical trabecular and outlet defect was the most frequent lesion at necropsy components. These are known to"be the cases with (8 9%) and it was also the dominant lesion (15%) in the worst surgical prognosis. Also of note was the the older age group. Its incidence in the group aged finding of three cases with grossly dilated right venless than one month was low (3%). Nearly all of the tricular cavities and thinning of the ventricular myo-27 cases of atrioventricular defect were associated cardium. These were all associated with severe with major complicating lesions, including severe Ebstein's anomaly of the tricuspid valve. Clinically right ventricular dominance, double outlet right they present with high cardiothoracic index on the ventricle, and arch hypoplasia; this may account for chest radiograph. These patients also have a poor the high mortality.
prognosis. It is difficult to see from the specimens The necropsy incidence of arch malformations what potential there is for surgical repair. In our which impede aortic flow (interrupted arch and arch opinion, these cases should be considered as a hypoplasia and coarctation) was 13.8%. Thirteen of special subgroup of cases with pulmonary atresia the fifteen cases of interruption were less than a and intact septum. month old. Tubular hypoplasia was also more com--The incidences of anomalous pulmonary venous mon in the younger group, and eight of the 12 cases connection and of pulmonary atresia with intact sepwith this lesion were less than one month old. Arch tum are similar. Five of the eleven younger cases lesions themselves are technically amenable to sur-were known to have had an infradiaphragmatic gical reconstruction but 22 of our 39 cases also had anomalous connection. Such an anomalous consome form of subaortic outflow tract obstruction. nection was not found in any of the older cases. The The incidence of aortic atresia or mitral atresia or early obstruction to the pulmonary venous return at both in the necropsy series was high (9 9%) in those the level of the diaphragm (or through the liver aged <4 weeks. This accords with clinical data sinusoids when the venous duct closes) almost cerwhich show that 82% of all cases of hypoplastic left tainly explains this finding. The overall mortality heart syndrome present before the end of the first rate among those cases which present during the first week of life. year of life is known to be high.15 16 This is in part The necropsy incidence of pulmonary atresia with due to the moribund condition of the child on intact septum was about 7% in both age groups. The admission. ' (Table 3) , however, we believe that in these cases operation was attempted on patients whose prognosis was poor from the outset.
Comparison of our data with other series shows a constant emphasis on complete transposition both in the clinical (Table 5) and necropsy (Table 6) series. This is not the case for hypoplastic left heart syndrome (aortic atresia or mitral atresia or both) for which a necropsy incidence of the NERICP series was 15% compared with our value of 7 0%. Nor is it so for interruption of the aortic arch and arch hypoplasia/coarctation. The increased clinical incidence of these has been attributed to the improvements in recognition and referral,5 and this would also influence the necropsy incidence. Earlier diagnosis and referral would reduce the number of deaths at local centres and increase the numbers at necropsy at specialised units. There is a noticeable delay in the diagnosis of hypoplastic left heart syndrome in the NERICP series compared with our own.5 This, along with the real decrease in incidence at the clinical level, could account for the lower incidence at necropsy seen in our series. 
